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Abstract: Among older adults living in long-term nursing homes (LTNHs), maintaining an adequate
functional status and independence is a challenge. Whilst a poor nutritional status is a potential
risk factor for a decreased function in this population, its role is not fully understood. Here, using a
transversal multicenter study of 105 older adults living in 13 LTNHs, we analyzed the associations
between nutritional status, as measured by the Mini Nutritional Assessment (MNA), and the param-
eters of functional status, physical performance, physical activity, and frailty as well as comorbidity
and body composition. The MNA scores were positively correlated with the Barthel Index, handgrip
strength, Short Physical Performance Battery (SPPB) scores, absolute muscle power, and Assessment
of Physical Activity in Frail Older People (APAFOP) scores and were negatively correlated with
dynamic balance and frailty. In a multiple linear regression model controlling for gender and age,
the APAFOP score (β = 0.386), BMI (β = 0.301), and Barthel Index (β = 0.220) explained 31% of the
variance in the MNA score. Given the observed close relationship between the MNA score and
functional status, physical performance and activity, and frailty, interventions should jointly target
improvements in both the nutritional status and functional status of LTNH residents. Strategies
designed and implemented by interdisciplinary professional teams may be the most successful in
improving these parameters to lead to better health and quality of life.
Keywords: nutritional status; functional status; physical performance; physical activity; frailty; older
adults; long-term institutionalization
1. Introduction
Given the aging of the global population, maintaining an adequate functional status
and independence among older adults is a fundamental challenge. Although recent
years have seen much progress in this area with extensive research in the field of frailty
and quality of life in older individuals, many issues remain unresolved such as clear
evidence of the effect of physical activity or nutrition in slowing the progression of frailty
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or functional deterioration in aging especially in older adults living in long-term nursing
homes (LTNH). In particular, the role that nutritional status may play in functional status,
physical performance and activity, and frailty remains unclear.
According to the International Association of Gerontology and Geriatrics and the
International Academy of Nutrition and Aging, the risk factors for malnutrition in older
adults include being 85 years or older, a low nutrient intake due to a loss of the ability to eat
independently, difficulty swallowing and chewing, becoming bedridden, pressure ulcers, a
history of hip fracture, dementia, depressive symptoms, and suffering from two or more
chronic illnesses [1–4]. In older adults living in LTNHs, major risk factors include mobility
limitations and a higher age; in community-dwelling older adults, such factors include a
poor appetite, difficulties with eating, and respiratory and gastrointestinal diseases [5].
Several risk factors such as a lack of the ability to eat independently, being bedridden,
pressure ulcers related to immobility, hip fractures, and even depressive conditions can
be countered or prevented by physical activity [6–12]. In frail older adults living in the
community, physical exercise improves the physical, psychological, and social capacity
and reduces the risk of falls and of losing independence [13,14]. In contrast, the few studies
that have focused on the residents of nursing homes vary widely both in participant char-
acteristics and in the interventions implemented, making it difficult to draw conclusions
to inform best practices. Older individuals living in LTNHs generally have a sedentary
lifestyle with very few minutes per day of physical activity performed mainly at a low
intensity. This inactivity both leads to a loss of the musculoskeletal function and reduces
opportunities to engage in experiences that improve the quality of life [15].
Institutionalized and community-dwelling older populations differ in their body
composition, nutritional deficiencies, predisposition to malnutrition, cognitive impairment,
and deterioration in physical performance [5,16]. Whilst undernutrition is associated with
a decreased physical performance and with a disability in community-dwelling older
adults [17–20], the role of the nutritional status of older adults living in LTNHs is less clear.
In one study of nursing home residents, mobility and ADL dependency were impaired in
older adults with (a risk of) malnutrition [21]. In this regard, Ramsey et al. observed that
malnutrition was also linked to a lower physical performance in a dynamic test in geriatric
outpatients [22]. In contrast, in a previous study on a group of older adults residing in
senior living facilities, a 6-month exercise and nutritional supplement program did not
improve the physical fitness or activity levels due to several facility characteristics that
hindered the implementation of the program [23]. Such findings indicate the importance of
developing further studies involving older adults living in LTNHs and analyzing the role
that nutrition might play in parameters such as functional status, physical performance
and activity, and frailty.
Malnutrition may also increase the risk of frailty. Two recent reviews highlighted
the relative lack of studies conducted on frail patients, particularly the lack of nutritional
intervention studies especially clinical trials [24,25]. Reflecting this lack, two of the few
clinical trials with a nutritional intervention performed in frail older individuals living in
LTNHs are the one published by Fiatarone et al. and Smoliner et al. [26,27]. The nutritional
programs they conducted involved LTNH residents at a risk of malnutrition and the
duration of them was 10 and 12 weeks, respectively. Fiatarone et al. supplemented with
a multinutrient liquid supplement and Smoliner et al. with fortified food. Although the
nutritional status improved in both studies, neither of them observed physical performance
or functional gains associated with supplementation.
Thus, despite evidence linking nutritional status with physical and functional status
of the LTNH population, its effect on these variables remains unclear. Here, we analyzed
the relationship between the nutritional status, as measured by the Mini Nutritional Assess-
ment (MNA), and functional status, physical fitness and activity, and frailty in 105 older
adults living in 13 LTNHs. Understanding this relationship can help inform strategies to
promote health and increase the quality of life among institutionalized older adults.
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2. Materials and Methods
2.1. Study Design and Participants
This transverse, multicenter study was a secondary analysis of a clinical trial of a
multicomponent physical exercise program (registry number NCT04221724) of LTNH resi-
dents. Data were collected between September and December 2019 in the post-intervention
stage. The nutritional status, body composition, functional status, physical performance,
physical activity, and frailty parameters were measured. Each parameter was measured
by the same researcher to avoid an inter-assessor bias. The participants were recruited
from 13 LTNHs in Gipuzkoa (Basque Country, Northern Spain). The inclusion criteria
were as follows: aged ≥ 70 years, scored ≥ 50 on the Barthel Index, scored ≥ 20 on the
Mini Examen Cognoscitivo (MEC-35) test [28], and able to stand up from a chair and walk
10 m with or without assistance. Individuals were not eligible to be included in the study
if participation was judged to be inappropriate by a medical expert due to any risk of
heart failure or ischemic events, e.g., in cases of severe physical, cognitive, or psychiatric
disorders or in cases of any other condition such that participation would not be in the
best interests of the individual. After considering these criteria, 105 participants were
included in the study (Figure 1). All participants provided informed consent and the
Committee on Ethics in Research of the Basque Country University (Human Committee
Code M10/2018/171) approved the study.
2.2. Variables Measured
The nutritional status was assessed using the full version of the MNA [29]. The MNA
scores ranged from 0 to 30 with a status classified as normal nutrition (24–30 points),
a potential risk of malnutrition (17–23.5 points), and malnutrition (<17 points).
The clinical data were collected from the databases of the participating LTNHs. The
comorbidities were calculated and categorized according to an age-adjusted Charlson
comorbidity index, where one point was added for each decade after the age of 50 years [30].
The anthropometric measures included height, weight, and body mass index (BMI)
(kg·m−2). The BMI was classified according to the National Heart, Lung and Blood
Institute guidelines: underweight (<18.5 kg/m2), desirable (18.5–24.9 kg/m2), overweight
(25.0–29.9 kg/m2), obesity (30.0–39.9 kg/m2) and morbid obesity (≥40 kg/m2) [31].
The functional status was assessed by the Barthel Index [32], which measured 10 activ-
ities of daily living (ADL) (bowels, bladder, grooming, toilet use, feeding, transfer, mobility,
dressing, stairs, bathing). The index ranged from 0 to 100 with 100 indicating complete
independence. The assessment was carried out with the help of a caregiver.
The physical performance was assessed using a Short Physical Performance Battery
(SPPB), the best-known instrument for evaluating the physical performance of senior
citizens [33]. The SPPB, standardized by the National Institute on Aging, includes three
tests: balance, gait speed, and the five-times sit-to-stand (STS) test. The five-times STS test,
conducted using a standardized armless chair (0.43 m in height), was used to calculate
the STS mean muscle power (W; STS mean velocity × STS mean force) [34]. Dynamic
balance was measured using the validated Timed Up and Go test (TUG) [35]. In addition,
handgrip strength was assessed in the right arm with a Jamar hydraulic hand dynamometer
according to a standardized protocol [36].
Habitual physical activity was measured using the Assessment of Physical Activity in
Frail Older People (APAFOP) [37], an interview-administered questionnaire focusing on
the activities typically performed in older age (e.g., walking, sitting, standing, lying). The
APAFOP score was calculated by multiplying the total physical activity time during the
previous 24 h by the metabolic equivalent of the task levels of the respective activities [38].
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Figure 1. Study flow diagram.
In order to ensure a more holistic assessment of frailty and given that each instrument
regards frailty from different approaches, three measurement instruments were used so
that frailty was measured using Fried’s frailty phe otype [39], the R ckwood Clinical
Frailty Scale [40], and the Tilburg Frailty Indicator [41]. Frie ’s frailty phe otype evaluates
the presence of five criteria: slow walking speed, reduced grip strength, low physical
activity, exhaustion, and unintentiona weight loss. One point is giv n for each of the
criteria and individuals scoring ≥ 3 are considered to be frail [39]. In the Clinic l Frailty
Scale, the frailty status is based on a clinical judgment; the scores range from 1 to 9 and
individuals scoring ≥ 6 are considered to be frail [40]. The Tilburg Frailty Indicator contains
15 questions on physical, psychological, and social omains of frailty; the scores range
from 0 to 9 and individuals scoring ≥ 5 ar considered to be frail [41].
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2.3. Statistical Analysis
A statistical analysis was performed using SPSS version 26.0. The continuous vari-
ables were expressed as a mean ± standard deviation (SD) and he categorical variables as
frequencies and percentages. The normality was assessed using a Kolmogorov–Smirnov
test and the non-parametric variables were square-root transformed. The group means
were compared using Student´s t-tests. A series of linear regressions was used to separately
analyze the relationships of functional status, physical fitness, physical activity, and frailty
on the MNA, controlling for age and sex. The explanatory variables that were statistically
significant in those regressions were included in a multiple linear regression model pre-
dicting the MNA, again controlling for age and sex. A stepwise backward elimination was
used to select the final variables. The proportion of the variance in the MNA explained
by the explanatory variables in the multiple regression was estimated by the coefficient of
determination (R2). In all tests, the differences were considered significant at p < 0.05.
3. Results
Participant characteristics are summarized in Table 1.
Table 1. Participant characteristics.
Total Sample, n = 105
Women, n (%) 57 (54.3)
Men, n (%) 48 (45.7)
Age, n (%)
70–80 years 23 (21.9)
80–90 years 46 (43.8)
>90 years 36 (34.3)
MNA, n (%)
Normal nutritional status 78 (74.2)
Risk of malnutrition 26 (24.8)
Malnutrition 1 (1.0)
Charlson index (score ≥ 0) 6.42 ± 1.86
BMI (kg·m−2) 29.28 ± 4.60
Normal weight, n (%) 17 (16.7)
Overweight, n (%) 42 (41.2)
Obesity, n (%) 42 (41.2)
Morbid obesity, n (%) 1 (1)
Barthel Index (range 0–100) 79.17 ± 16.61
Handgrip strength (Kg) 18.72 ± 7.61
Timed Up and Go (s) 27.05 ± 19.75
SPPB (range 0–12) 6.90 ± 2.86
Absolute muscle power (W) 149.78 ± 72.11
APAFOP score 25.29 ± 1.09
Fried’s frailty phenotype (range 0–5) 2.54 ± 1.38
Not frail, n (%) 45 (42.9)
Frail, n (%) 60 (57.1)
Rockwood Clinical Frailty Scale (range 0–9) 3.93 ± 1.41
Not frail, n (%) 92 (87.6)
Frail, n (%) 13 (12.4)
Tilburg Frailty Indicator (range 0–15) 4.42 ± 3.16
Not frail, n (%) 55 (52.4)
Frail, n (%) 50 (47.6)
MNA: Mini Nutritional Assessment; BMI: body mass index; SPPB: Short Physical Performance Battery; APAFOP:
Assessment of Physical Activity in Frail Older People.
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Figure 2 summarizes the participant characteristics by the nutritional status (normal
vs. malnutrition/risk of malnutrition). Compared with the participants with or at risk of
malnutrition, those with a normal nutritional status had a higher BMI (p < 0.05), Barthel
Index (p < 0.01), absolute muscle power (p < 0.05), and APAFOP score (p < 0.001) and a
lower Fried’s frailty phenotype score (p < 0.01).























































































































































































































































































Figure 2. Characteristics of the participants according to the MNA classification (normal nutritional status vs. risk and
malnutrition status). MNA: Mini Nutritional Assessment; BMI: body mass index; SPPB: Short Physical Performance Battery;
APAFOP: Assessment of Physical Activity in Frail Older People. * p < 0.05 ** p < 0.01 *** p < 0.001.
Figure 3 illustrates the relationship between the MNA scores and the parameters of
functional status, physical performance, physical activity, and frailty. The MNA values
were positively correlated with the Barthel Index score (p < 0.001), handgrip strength
(p < 0.01), SPPB score (p < 0.01), absolute muscle power (p < 0.01), and APAFOP score
(p < 0.001); they were negatively correlated with the TUG test score (p < 0.05), Fried’s
frailty phenotype (p < 0.05), Rockwood Clinical Frailty Scale (p < 0.01), and Tilburg Frailty
Indicator (p < 0.05) scores. The highest standardized regression coefficient (β) values were
for the Barthel Index (β = 0.449) and APAFOP (β = 0.432) scores.
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Figure 3. The relationship between MNA score and functional status, physical performance, and physical activity, controlling for age and sex. BMI: Body Mass Index; SPPB: Short Physical Performance
Battery; APAFOP: Assessment of Physical Activity in Frail Older People. β: standardized regression coefficient; R2:coefficient of determination.
Figure 3. The relationship between the MNA score and functional status, physical performance, and physical activity, controlling for age and sex. BMI: body mass index; SPPB: Short
Physical Performance Battery; APAFOP: Assessment of Physical Activity in Frail Older People. β: standardized regression coefficient; R2: coefficient of determination.
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The explanatory variables included in the multiple linear regression model were the
BMI, Barthel Index score, TUG score, SPPB score, handgrip strength, absolute muscle
power, APAFOP score, and Fried’s frailty phenotype score (Table 2). Among these, the
APAFOP score had the largest relationship (β = 0.386; p = 0.001), followed by the BMI
(β = 0.301; p = 0.002) and the Barthel Index score (β = 0.220; p = 0.039). Together, these three
variables explained 31% of the variance in the MNA.
Table 2. Backward stepwise multiple linear regression model predicting the MNA score, controlling
for age and sex.
β Standardized β p-Value R2
Intercept 0.003 0.998 0.314
BMI (kg·m−2) 0.150 0.301 0.002
Barthel Index score 0.050 0.220 0.039
APAFOP score 0.746 0.386 0.001
BMI: body mass index; APAFOP: Assessment of Physical Activity in Frail Older People.
4. Discussion
Despite the evidence that the nutritional status of older adults may affect functional
and physical parameters, its effect on older adults living in LTNHs has remained unclear.
Our results showed that a better nutritional status, as indicated by the higher MNA scores,
was associated with greater functionality, physical performance, and physical activity
as well as with lower frailty. In addition, physical activity (as measured by APAFOP
questionnaire), functional status (as measured by the Barthel Index), and BMI collectively
predicted the MNA. To our knowledge, this is the first study to find a relationship be-
tween the nutritional status and physical activity levels of LTNH residents without a
cognitive impairment.
Our sample represented 1.75% of all older adults residing in LTNHs in Gipuzkoa
(Basque Country, Northern Spain). Notably, our mean participant age, 86.34 ± 6.77 years,
was higher than all other study populations to date on institutionalized older adults
including the 2012 European SHELTER study of 57 LTNHs from 7 EU countries and
Israel where the mean age of the participants was 83.4 years [42–48]. The percentage of
participants in our study over 90 years of age (36%) was also high compared with other
studies. Our population had several similarities with other studies. Most of the participants
were women—a reflection of the LTNH resident population in general [42,43,45]—and
about half were frail according to Fried’s frailty phenotype and the Tilburg Frailty Indicator,
consistent with a systematic review on frailty prevalence in LTNHs [49]. In addition, a
quarter of our participants were at risk of malnutrition (or actually malnourished), similar
to the rates found in another recent study in institutionalized older adults [50].
From this perspective, the mean BMI value of our sample fell in the overweight range
and was notably higher than in previous studies [42,43,46,51]. In addition, 42.1% were
classified as overweight and 42.1% as obese. Growing evidence suggests that, in older
individuals, a BMI between 25 and 30 that is defined as overweight may be a positive
factor because it is associated with a longer life expectancy and especially with a longer
disability-free life expectancy [51,52]. However, it should be emphasized that the BMI is a
controversial measure as experts do not agree on its usefulness in predicting life expectancy
in older adults [53]. Evidence for this is that obesity, in combination with sarcopenia or
an age-related loss of skeletal muscle mass, increases the risk of cardiovascular disease,
physical disability, metabolic disorders, and mortality [54]. Therefore, we recommend
nutritional and physical activity interventions in older adults to try to preserve the muscle
mass and prevent obesity.
LTNH residents are disproportionately at risk of malnutrition, potentially making
them more likely to develop functional problems, sarcopenia, and frailty in the near
Nutrients 2021, 13, 3716 9 of 14
future [55]. Our findings were consistent with previous works showing a link between
malnutrition and functional dependence [43,44]. Consequently, to prevent malnutrition, a
full understanding of the factors causing it is necessary.
Previous studies also found that physical performance is closely related to the nu-
tritional status of institutionalized older adults and has an impact on their functionality,
dependence level, and risk of falls [56,57]. In addition, an increased muscle strength re-
duces the risk of sarcopenia in older adults [58]. However, it is unclear whether a causal
relationship exists between the nutritional status and physical performance. In a longi-
tudinal study of community-dwelling older adults in Belgium, a three-year nutritional
intervention did not affect handgrip strength or gait speed [59]. Further studies on this
issue are, therefore, needed. In line with this and compared with the other parameters of
physical performance, muscle power may be the capacity that is most related to functional
limitations in older adults [60,61] including LTNH residents [62]. Given that few studies
have related muscle power to nutrition [22,63], our results provide valuable evidence of
this relationship and may inform new lines of research in which the variable of muscle
power could be analyzed in order to ascertain the role that muscle power might play in the
nutritional status of institutionalized older individuals. The link between physical activity
and nutritional status is well-established as is the effect these two factors can have on the
most prevalent problems in the older population such as sarcopenia, frailty, dependence,
loss of functionality, and, ultimately, a decreased quality of life [64–67]. This is reflected
in a recent meta-analysis where 26 different interventions were compared in older adults
with sarcopenia using physical activity alone, nutrition alone, or a combination of both [68].
Exercise, both alone and in combination with nutrition, increased the handgrip strength
and improved dynamic balance. Both types of intervention also had beneficial effects on
muscle strength and the physical performance of older adults with sarcopenia [68].
The MNA provides important information for predicting frailty in older adults [69]
and the relationship we found between nutrition and frailty, as measured by different
tools, is well-established [24,25,70–72]. Nutritional frailty has been proposed to be an
independent phenotype of frailty, underscoring the close relationship between these two
variables [73]. The directionality of the relationships between nutritional status and func-
tionality, physical performance, physical activity, and frailty is uncertain. Based on the
results of the present study, it could be intuitively deduced that a few of these relationships
may be bidirectional. A multicomponent physical activity intervention in older adults
after hospitalization improved the nutritional status of participants [74]. It has also been
observed that a functional evolution through a rehabilitation process was impaired in
orthogeriatric patients with malnutrition [56].
In order to delve deeper into this bidirectional relationship and draw conclusions about
causality, intervention programs are needed. To our knowledge, few intervention programs
in institutionalized older populations have measured both the nutritional parameters and
physical activity [75–79]. Two studies on the effects of a physical activity intervention on
the nutritional status found no significant changes [76,77]. This lack of favorable results
could be due to the cognitive characteristics of the participants (e.g., Alzheimer’s disease),
a low adherence to the program, or insufficient exercise intensity. For example, although
the Report of the International Sarcopenia Initiative recommends supervised resistance
exercise for individuals with sarcopenia [71], the participants in those studies did not
use weights. On the other hand, nutritional interventions [79,80], or those combining
nutrition and physical activity [75], can improve the functional as well as the nutritional
parameters. In addition, essential amino acids and β-Hydroxy β-methylbutyric acid (HMB)
supplements may improve the muscle outcomes [71].
Different studies have concluded that both nutrition and physical activity improve
the functional status of, and prevent sarcopenia in, older adults [81–83]. Nutritional
supplementation may improve the muscle status or, conversely, muscle work/training may
improve the nutritional status, perhaps by stimulating the appetite and thus increasing the
caloric intake. Both muscle and visceral protein levels were found to decrease with age
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among LTNH residents, leading to a higher prevalence of malnutrition [84]. This decreased
muscle mass depended in part on the physical activity levels of participants as measured
by the ADL. Thus, physical activity can play an important role in the nutritional status of
institutionalized older individuals.
Although our study did not address causality, it did support the hypothesis that
physical activity may possibly improve the nutritional status of institutionalized older
adults [26,85]. Therefore, strategies to increase physical activity may help to promote a
better quality of life among residents of nursing homes.
Taking into account these data and given the close relationship we found between
the MNA and functional status, physical performance and activity, and frailty, future
approaches to improve these parameters in LTNH residents should not be focused on each
variable individually but on all these variables together. Interdisciplinary professional
teams (doctors, nurses, physiotherapists, nutritionists, physical activity professionals)
should participate in the design and implementation of strategies to simultaneously im-
prove the nutritional and functional status and physical performance of LTNH residents to
increase health and the quality of life. Our results reinforce the need to develop updated
physical activity and nutrition routines in LTNHs and may play a fundamental role in the
redesign of nursing homes for the better overall wellness of the residents.
Finally, and based on our results, we consider it essential to implement preventive
actions that allow the diagnosis and treatment as early as possible of the appearance of
pathologies that directly affect the quality of life of LTNH residents. In the future, and with
the aim of being able to analyze the causality that we hypothesized in the present study,
it is necessary to develop further nutritional and physical activity interventions.
5. Strength of the Study
One of the strengths of this study is the combined analysis of the relationships between
nutritional status and functional status, physical performance, physical activity and frailty.
To our knowledge, this is the first study on LTNH residents without a cognitive impairment
to relate nutritional status with physical activity. Our results may help inform the design of
future studies.
6. Limitations of the Study
Our study also had several limitations. Due to the difficulty in precisely measuring the
body composition of an institutionalized population, we used the BMI, a relatively simple
measurement. Analyzing the fat mass and skeletal muscle mass would provide more
detailed information on the relationship between nutritional status and the measurements
indicative of sarcopenia. Similarly, although the MNA is validated and widely used in the
LTNH environment [86], a more detailed analysis of the food and caloric intake would shed
further light on the relationship between nutritional status and physical activity among
institutionalized older adults.
7. Conclusions
Our study demonstrated that the nutritional status measured by the MNA was related
to functional status, physical fitness and activity, and frailty in older adults living in
LTNHs. The results of our study highlighted the importance of taking into account all
these parameters as a whole in order to maintain and care for the quality of life of older
adults living in LTNHs.
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